prosthetic graft to artery anastomosis.
They were made in the right carotid artery and the abdominal aorta, respectively.
Two kinds of suture were used for the vascular anastomosis, i.e., polyglycolic acid suture as an absorbable suture and TEVDEKR suture as a non-absorbable suture. The tensile strength of anastomosis was measured by a self-made tensiometer.
The following results were obtained: In the artery-to-artery anastomosis, the loss of the strength of suture did not weaken the anastomosis, whereas in the vascular prosthetic anastomosis, the loss of the tensile strength of suture weakened the vascular prosthetic anastomosis. However, well organized fibrous tissues surrounding the vascular prosthesis were strong enough to hold against the blood pressure. graft organization; strength of vascular anastomosis; absorbable suture; anastomotic aneurysm Even after the healing process of the anastomosis has been completed aneurysm may occur at the anastomotic site of vascular prosthesis. There are many factors which may be involved in the pathogenesis of anastomotic aneurysm and their roles are controversial (Gaylis et al. 1959; Moore and Hall 1970; Szilagyi et al. 1975; Knox 1976; Sasaki 1977) . These include the weakness of suture material, the integrity of the wall of recipient vessel, the way of the anastomosis, infection of the anastomosis, etc. In the pathogenesis of non-infected anastomotic aneurysms, the weakness of suture material is considered as one of the most important factors and the synthetic suture has been recommended rather than silk suture.
Our vascular surgical cases for the past 10 years included 14 cases of anastomotic aneurysms; silk sutures were used in 8 cases and synthetic sutures were used in the remaining 6 cases (Sasaki 1977) . The histological study revealed poor organization of vascular graft in 6 cases. It was considered that the anastomotic aneurysm could not be eliminated by the strength of suture alone. On the other hand, in some cases the organized tissue suggested to play a role as the major reinforcing material around the vascular anastomosis. Namely, the dissolution of suture material may not be the cause for the anastomotic aneurysm. In order to confirm this hypothesis, the present animal experiments were con ducted.
MATERIALS AND METHODS
Twenty-nine adult mongrel dogs, weighing 7.5 to 13.5 kg, were used. All operative procedures were performed using sterile techniques.
The vascular anastomoses were performed at the right carotid artery and the infrarenal abdominal aorta.
The animals were anesthetized with sodium pentobarbital 30 mg/kg and heparin 1 mg/kg i.v. The right carotid artery was resected 2 cm long and it was sutured back into the position using end to-end anastomosis by an absorbable No. 6-0 polyglycolic acid suture (PGA) at the proximal anastomosis and a non-absorbable synthetic No. 6-0 TEVDEK(R) suture at the distal anastomosis.
The infrarenal abdominal aorta was removed and replaced with a 1.5 cm EdwardsR woven teflon vascular prosthesis.
The proximal anastomosis was performed with No. 4-0 TEVDEK(R) suture (abbrev. TEVDEK anastomosis), and the distal TEVDEK anastomosis was performed with No. 4-0 PGA suture (abbrev. PGA anastomosis).
Four dogs each were sacrificed on the 5th, 10th, 20th, 30th, 45th and 60th day after operation.
The tensile strength of these anastomoses was measured with a selfmade instrument (Sasaki 1977) (Fig. 1) . In order to know the change of the tensile strength of PGA suture in biological tissue, the tensile strength of No. 4-0 PGA suture which was implanted subcutaneously in a mongrel dog for a period of 5 to 50 days was measured (Fig. 2) . Angiography was performed in all dogs before autopsy. TEVDEK, non absorbable suture; PGA, absorbable suture. 
RESULTS
The examination was performed in three ways, i.e., by angiography, and by measuring the strength of anastomosis between the arteries, and that between the prosthesis and artery.
The strength of PGA suture. No. 4-0 PGA suture had lost all its strength by the 30th day. The tissue reaction around the PGA suture was very little. It was considered, therefore, that the influence of suture would be lost at the PGA anastomosis after 30 days (Fig. 2) .
Angiography.
Four of 29 cases of transplantation of the prosthesis into the aorta showed occlusion of the prosthesis. However, none of the cases developed anastomotic aneurysms.
The strength of artery-to-artery anastomosis. The artery-to-artery anastomosis was made at the right carotid artery, and its strength was measured. The strength of the anastomosis was shown as the percentage of the tensile strength to that of the left intact carotid artery. The strength of TEVDEK anastomosis was 72%, and that of the PGA anastomosis was 67% on the 5th day after operation, which became stronger up to almost 100% by the 60th day after operation. There was no statistical difference between TEVDEK anastomosis and PGA anastomosis. After 30 days when the PGA suture was absorbed, the strength of PGA anastomosis that of TEVDEK anastomosis (Table 1, Fig. 3 ).
The strength of prosthetic graft-to-artery anastomosis. The prosthetic graft to artery was made at the abdominal aorta and its strength was measured. The strength of the anastomosis was shown as the percentage of the tensile strength to that of the intact thoracic aorta. There was no difference between the strength of TEVDEK anastomosis and that of PGA anastomosis by the 10th day after operation. The strength of both TEVDEK anastomosis and PGA anastomosis was 134% on the 5th day after operation, while it increased up to 234% and 256% on the 10th day, respectively. On the 20th day the strength of PGA anastomosis decreased to 134%, but that of TEVDEK anastomosis which was made by using the non-absorbable synthetic TEVDEKR suture increased up to 261%. After the 30th day, the strength of TEVDEK anastomosis and PGA anastomosis became consistent, but the strength of PGA anastomosis fell to 2/3 of that of TEVDEK anastomosis. However, PGA anastomosis retained its strength equal to that of the intact thoracic aorta after the 30th day when PGA suture lost all of its strength ( Table 2 , Fig. 4) . DISCUSSION Lowenberg and Shumacker (1949) measured the rate of healing after reparing the dog carotid artery and found a curve of healing approximating that of other sutured tissue. In the present experimental study, the vascular anastomosis was made by using an absorbable PGA suture. The comparison between the absorbable and non-absorbable suture anastomoses revealed that the rates of healing of both kinds of anastomosis were almost similar to that reported by Lowenberg and Shumacker (1949) . But, the rate of healing of prosthetic graft-to artery anastomosis was different from that of artery-to-artery anastomosis. In the prosthetic graft-to-artery anastomosis, it had only two-thirds of the strength of non-absorbable suture anastomosis after the absorbable suture was absorbed.
Causative factors of anastomotic aneurysms other than infection have been postulated (Gaylis et al. 1959; Moore and Hall 1970; Szilagyi et al. 1975; Knox 1976; Sasaki 1977 ). Knox (1976) emphasized that suture material, end-to-side anastomo sis, proximity of the anastomosis to a joint and intimectomy of the recipient artery should be taken into consideration. Moore and Hall (1970) showed that anastomotic aneurysms in 25 cases were due to prosthetic graft. Silk suture had been used in almost all of these cases, and when anastomotic aneurysms occurred, silk sutures were found either broken or dissolved. Szilagyi et al. (1975) indicated that the most important causative factors were structural weakness of the parent artery, hypertension, mechanical stress of the suture line, defect of the prosthesis and healing complication of surgical incision. These factors may be divided into two main groups, i.e., one is the weakness of structure at the suture line which includes arterial wall, prosthesis and suture material, and the other is the mechanical stress which includes hypertension and joint movement. In general, the healing of suture line between graft and artery begins at the outer layer of fibrin, which is soon replaced by the connective tissue, and the inner line is covered by a pseudointima.
It has been thought that the tensile strength of these connective tissues is quite low and the integrity of an anastomosis is dependent on the suture material (Warren and 
